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ERG\VNHOHWRQDQGDHURG\QDPLFVKDSHRIDLUFUDIWVZKLFKDUH
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'XULQJ WKH FRUQHU PDFKLQLQJ SURFHVV RI D[LV IODQN
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FXWWLQJWRRODQGPDFKLQHWRRODIIHFWWKHPDFKLQLQJTXDOLW\RI
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HVSHFLDOO\ IRUGLIILFXOWWRPDFKLQHPDWHULDOV VXFKDV WLWDQLXP
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FKDUDFWHULVWLFVRIPDFKLQHWRROFDQQRWPHHWUHTXLUHPHQWVWKH
PDFKLQLQJTXDOLW\SUHFLVLRQDQGHIILFLHQF\RIZRUNSLHFHZLOO
EH DIIHFWHG >@ 3URSHU WRRO SDWKV RSWLPL]DWLRQ DWWULEXWH WR
PDFKLQLQJTXDOLW\%\FRQVLGHULQJWKHFRQVWUDLQWVRIG\QDPLF
FKDUDFWHULVWLFV RI PDFKLQH WRRO DQG FXWWLQJ IRUFH WKH
PDFKLQLQJ SURFHVV FDQ EH PRUH VWDEOH DQG WKH PDFKLQLQJ
TXDOLW\DQGSURGXFWFRUUHFWUDWHZLOOEHLPSURYHG
,QRUGHUWRLPSURYHWKHPDFKLQLQJTXDOLW\RIIODQNPLOOLQJ
WKH UHVHDUFK FRPPXQLWLHV KDYH PDGH PDQ\ HIIRUWV PDLQO\
GLYLGHGLQWRWZRDVSHFWV
7R UHGXFLQJ WKHFXWWLQJ IRUFH&KR\HW DO >@SUHVHQWHGD
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RI FXWWLQJ ZLGWK DQG IHHG VSHHG *DR HW DO >@ SURSRVHG D
FRUQHUPDFKLQLQJVWUDWHJ\ZLWKFRQVWDQWFRQWDFWFXWWLQJDQJOH
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.LP >@ SUHVHQWHG DQ RSWLPL]HG WRRO SDWK VWUDWHJ\
UHVSHFWLYHO\ IRU WKH FRQYHQWLRQDO WRRO SDWK DQG GLUHFWLRQ
SDUDOOHO SDWK ZKLFK PDLQWDLQHG D FRQVWDQW PDWHULDO UHPRYDO
UDWH 7KH VWXGLHV DERYH SURSRVHG PHWKRGV WR UHGXFH WKH
PLOOLQJ IRUFH RI FRUQHU +RZHYHU ZLWKRXW FRQVLGHULQJ WKH
G\QDPLF FKDUDFWHULVWLFV RI PDFKLQH WRRO WKH FXUYDWXUHV RI
WKRVHWRROSDWKVDUHQRWFRQWLQXRXV6XLHWDO>@LQWURGXFHGD
FRPELQDWLRQ VWUDWHJ\ RI FRUQHUORRSLQJ PLOOLQJ DQG FORWKRLG
FXUYH WUDQVLWLRQ ZKLFK FRQVLGHULQJ WKH PLOOLQJ IRUFH DQG
G\QDPLF FKDUDFWHULVWLFV RI PDFKLQH WRRO %XW WKH PHWKRG LV
QRWVXLWDEOHIRUILYHD[LVPLOOLQJ
2SWLPL]LQJ WKHFRQWLQXLW\RI ILYHD[LV WRROSDWK6KLHWDO
>@SURSRVHGDVPRRWKLQJPHWKRGWRURXQGFRUQHUVE\XVLQJD
SDLURITXLQWLF3+FXUYHV&KXHWDO>@SURSRVHGDPHWKRG
WRJHQHUDWHDVSOLQHFXUYHFRQVWUDLQHGWRROSDWKWKDWSURGXFHV
PLQLPL]HG JHRPHWULFDO GHYLDWLRQV RQ WKH PDFKLQHG VXUIDFH
=KX HW DO >@ SURSRVHG D JOREDO RSWLPL]DWLRQ PHWKRG IRU
ILYHD[LV IODQN PLOOLQJ WRRO SDWK E\ XVLQJ WKH GLVWDQFH
IXQFWLRQ *RQJ HW DO >@SURSRVHG D PHWKRG UHGXFH WKH
PDFKLQLQJ HUURU E\ FRQVWUDLQWV RI WDQJHQWLDO DQJOH DQG
PLQLPXPHUURU'DLHWDO>@FDOFXODWHGWKHLQWLDOWRROSDWKV
E\ D NLQG RI QXPHULFDO PHWKRGV &DVWDJQHWWL HW DO
>@LPSURYHG WKH NLQHPDWLF EHKDYLRXU RI PDFKLQH WRROV
GXULQJ PLOOLQJ XVLQJ WKH 'RPDLQ RI $GPLVVLEOH 2ULHQWDWLRQ
'$2FRQFHSW:DQJHWDO>@SURSRVHGDQRSWLPDOPHWKRG
WKDW JXDUDQWHHV DQ LQWHUIHUHQFHIUHH FXUUHQW WRRO SDWK DVZHOO
DVWKHVPDOOHVWFKDQJHEHWZHHQDGMDFHQWWRRORULHQWDWLRQV7KH
VWXGLHV DERYH SURSRVHG PHWKRGV WR VPRRWK WRRO WUDMHFWRULHV
DQG WRRO RULHQWDWLRQV +RZHYHU WKH UHPDLQLQJ PDWHULDOV
GLVWULEXWHXQHYHQO\LQWKHFRUQHU:KLOHWKHILYHD[LVWRROSDWK
LV * FRQWLQXRXV WKH XQVWDEOH PLOOLQJ IRUFH PD\ OHDG WR
VHYHUHYLEUDWLRQRIPDFKLQHWRRO
7RDGGUHVVWKLVSUREOHPDWRROSDWKJHQHUDWLRQPHWKRGIRU
ILYHD[LV IODQN PLOOLQJ RI FRUQHU LV SUHVHQWHG LQ WKLV SDSHU
ZKLFK LV V\QWKHWLFDOO\ DFFRUGLQJ WR WKH G\QDPLF
FKDUDFWHULVWLFVRIPDFKLQHWRRODVZHOODVWKHFRQVWUDLQWRIWKH
PLOOLQJIRUFH$VLPSOHEXWHIIHFWLYHPHWKRGLV LQWURGXFHGWR
FDOFXODWHGWRRORULHQWDWLRQV


)LJ$QW\SLFDODLUFUDIWVWUXFWXUDOSDUWZLWKSOHQW\RIFRUQHUV
 7KHRYHUDOORIWKHSURSRVHGWRROSDWKJHQHUDWLRQ
PHWKRG
,QRUGHU WRDYRLG WKHJUHDWFKDQJHRIFXWWLQJ IRUFHGXULQJ
WKH FRUQHU IODQN PDFKLQLQJ SURFHVV DQG WR GHFUHDVH WKH
YLEUDWLRQ RI FXWWLQJ WRRO DQG PDFKLQH WRRO FDXVHG E\ WKH
FKDQJLQJ FXUYDWXUH RI WRRO SDWK D WRRO SDWK JHQHUDWLRQ
DOJRULWKP XVLQJ WKH FRPELQDWLRQ VWUDWHJ\ RI FRUQHUORRSLQJ
PLOOLQJ DQG FORWKRLG FXUYH LV SURSRVHG E\ WKH FRQVWUDLQWV RI
G\QDPLFFKDUDFWHULVWLFVRIPDFKLQHWRRODQGFXWWLQJIRUFH7KH
DOJRULWKPRIWKHWRROSDWKJHQHUDWLRQSURFHVVLVVKRZQLQ)LJ

)LUVWO\WKHDOORZDQFHLQIRUPDWLRQPRGHORIFRUQHULVEXLOW
DFFRUGLQJ WR WKH SDUW PRGHO DQG URXJKLQJ LQIRUPDWLRQ
6HFRQGO\RSWLPL]HWKHWRROWUDMHFWRU\EDVHGRQFORWKRLGFXUYH
DQG PLOOLQJ IRUFH FRQVWUDLQW $QG WKHQ WKH WRRO RULHQWDWLRQ
EDVHG RQ WRRO WUDMHFWRULHV LV FDOFXODWHG )LQDOO\ WKH D[LV
IODQNPLOOLQJ WRROSDWKLVJHQHUDWHGZLWKWKHFRQVLGHUDWLRQRI
WKHG\QDPLFFKDUDFWHULVWLFVRIWRROPDFKLQHDQGPLOOLQJIRUFH
FRQVWUDLQW


)LJ7KHIORZFKDUWRIWRROSDWKJHQHUDWLRQDOJRULWKP
 7RROSDWKJHQHUDWLRQDQGRSWLPL]DWLRQDSSURDFK
7KH ILYHD[LV WRRO SDWK LV XVXDOO\ GHVFULEHG E\ WZR
WUDMHFWRULHV2QH WUDMHFWRU\ GHVFULEHV WKH SRVLWLRQ RI WKH WRRO
WLS SRLQW $QG WKH RWKHU RQH GHVFULEHV WKH SRVLWLRQ RI WKH
VHFRQGSRLQW RQ WKH WRRO D[LV$QG WKH\ DUH JHQHUDWHGEDVHG
157 Wenyao Shao et al. /  Procedia CIRP  56 ( 2016 )  155 – 160 
RQFRQVWUDLQWVRIG\QDPLFFKDUDFWHULVWLFVRIPDFKLQHWRRODQG
FXWWLQJ IRUFH ,I ZH ZDQW WR SUHGLFW WKH PLOOLQJ IRUFH WKH
URXJKLQJDOORZDQFHLQIRUPDWLRQPRGHOVKRXOGEHEXLOWDWILUVW
 7KHPRGHORIURXJKLQJDOORZDQFHLQIRUPDWLRQ
7KHURXJKLQJDOORZDQFHLQIRUPDWLRQPRGHOLVWKHEDVLVIRU
WKHJHQHUDWLRQRIWRROSDWKZKLFKLVEXLOWEDVHGRQWKHFXWWLQJ
WRRO LQIRUPDWLRQ DQG URXJKLQJ WRRO SDWK 7KH URXJKLQJ
DOORZDQFH IRUFRUQHU LVVKRZQLQ)LJ7KHFLUFOHFHQWHURI
WKH FRUQHU DOORZDQFH LV XVHG DV WKH RULJLQ WR FRQVWUXFW ORFDO
FRRUGLQDWH V\VWHP $QG WKHQ WKH DOORZDQFH VXUIDFH RI
URXJKLQJFDQEHH[SUHVVHGE\WKHIROORZLQJIRUPXODV
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:KHUH WKHSDUDPHWHUș LV WKHDQJOHRI WKHFRUQHU DQG WKH
QRWDWLRQ5GUHSUHVHQWVWKHUDGLXVRIWKHDOORZDQFHFLUFOH54
ZKLFKLVHTXDOWRWKHVXPRIFRUQHUWRROSDWKUDGLXV5SDQGWKH
FXWWHU UDGLXV5W IRU URXJKLQJ 7KH QRWDWLRQV/56 DQG/43DUH
WKHOHQJWKRIDOORZDQFHFXUYHVLGHZDOOVUHVSHFWLYHO\


)LJ7KHURXJKLQJUHPDLQVLQWKHFRUQHU
 *FRQWLQXRXVWRROWUDMHFWRU\EDVHGRQFORWKRLGFXUYH
,Q RUGHU WR GHFUHDVH WKH YLEUDWLRQ RI PDFKLQH WRRO DQG
LPSURYHWKHPDFKLQLQJTXDOLW\WKHG\QDPLFFKDUDFWHULVWLFVRI
PDFKLQHWRRODUHDQDO\]HG%\HTXDWLRQDQGWKHYDOXHRI
WKHDFFHOHUDWLRQLVDSRVLWLYHFRUUHODWLRQWRWRROSDWKFXUYDWXUH
7KH YDOXH RI MHUNGHWHUPLQHV WKH FKDQJLQJ VSHHG RI WKH WRRO
SDWKFXUYDWXUH&RQVLGHULQJWKHG\QDPLFFKDUDFWHULVWLFVRIWKH
1& PDFKLQH DQG WR NHHS WKH MHUN DW D PLQLPXP YDOXH DV
PXFK DV SRVVLEOH WKH FXUYDWXUH VKRXOG FKDQJH HTXDEO\ WKH
VDPHZD\ ,QDGGLWLRQ WKHFKDQJLQJUDWHVKRXOGEHNHSWDWD
PLQLPXPYDOXHDVORQJDVWKHSURFHVVLQJUHTXLUHPHQWLVEHLQJ
VDWLVILHG
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$FFRUGLQJWRWKHGHILQLWLRQWKHFXUYDWXUHRIFORWKRLGFXUYH
FKDQJHV XQLIRUPO\ ZLWK LWV OHQJWK $QG WKH FRUQHUORRSLQJ
VWUDWHJ\ FDQ UHGXFH WKH PLOOLQJ IRUFH LQ WKH FRUQHU 6R D
FRPELQDWLRQ VWUDWHJ\ RI FRUQHUORRSLQJ PLOOLQJ DQG FORWKRLG
FXUYHWUDQVLWLRQZLOOEHDGRSWHGLQWKHFRUQHUWRJXDUDQWHHWKH
FRQWLQXLW\ RI WRRO SDWK FXUYDWXUH DQG WKH VWDELOLW\ RIPLOOLQJ
IRUFH DQG GHFUHDVH WKH YLEUDWLRQ RIPDFKLQH WRRO GXULQJ WKH
SURFHVV RI PDFKLQLQJ 7ZR WUDMHFWRULHV GHVFULELQJ WKH ILYH
D[LV WRROSDWKFDQEHJHQHUDWHG WKURXJKVLPLODUPHWKRG7KH
JHQHUDWLRQPHWKRGLVVKRZQDVIROORZ
$V VKRZQ LQ WKH ILJ  WKH ILUVW OD\HU RI WRRO WUDMHFWRU\
FRQVLVWVRI OLQH DUFDQGFORWKRLGFXUYH$%DQG&'DUH WZR
FORWKRLGFXUYHV%&LVDVHJPHQWRIFLUFXODUDUF$'DUHWKH
VWDUW SRLQWV RI FORWKRLG FXUYH DQG EXLOG ORFDO FRRUGLQDWHV
VKRZQ LQ WKH ILJ  7KH FORWKRLG FXUYHV FDQ EH H[SUHVVHG
XVLQJWKHIROORZLQJIRUPXOD
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:KHUH WKH SDUDPHWHU O UHSUHVHQWV WKH DUF OHQJWK IURP
FXUUHQWSRLQW WR VWDUWSRLQW DQG WKH V\PEROV3 DQG4 FDQEH
H[SUHVVHGDVIROORZV
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:KHUH WKH SDUDPHWHUV U DQG U DUH WKH FXUYDWXUHV RI
FORWKRLG FXUYH DW WKH VWDUW DQG FXUUHQW SRLQW 7KH VKDSH RI
FORWKRLGFXUYHZLOOFKDQJHZLWKWKHSDUDPHWHUV&


)LJ7KHILUVWOD\HURIWRROWUDMHFWRU\RIFRUQHU
7R JXDUDQWHH WKH * FRQWLQXLW\ RI WRRO WUDMHFWRU\ WKH
FXUYHV VKRXOG VKDUH D FRPPRQ WDQJHQW GLUHFWLRQ DQG D
FRPPRQ FHQWHU RI FXUYDWXUH DW WKH MRLQ SRLQWV % & 6R WKH
MRLQ SRLQWV%& RI DUF DQG FORWKRLG FXUYH FDQ EH JHQHUDWHG
WKURXJKIRUPXOD
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:KHUHWKHSDUDPHWHUV5DQGODUHWKHUDGLXVRIWKHDUFDQG
WKH OHQJWKRI FORWKRLG FXUYH UHVSHFWLYHO\7KH V\PEROV;<
; DQG < DUH WKH FRRUGLQDWH RI FRQQHFWLRQ SRLQW DQG WKH
FHQWHU SRLQW RI WKH VROYLQJ DUF 7KH FKDUDFWHU ȕ LV WKH
LQWHUVHFWLRQ DQJOH EHWZHHQ WDQJHQW YHFWRUV RI FORWKRLG FXUYH
DW WKHVWDUWDQGHQGSRLQW)LQDOO\ WKHSDUDPHWHUVNDQG WDUH
FRQVWDQWVIRUDQJXODUELVHFWRURIFRUQHU
7KH PD[LPXP FXWWLQJ IRUFH QHHGV WR EH YHULILHG IRU WKH
VHULHV RI FORWKRLG FXUYHV DQG DUFV 7KH YHULILFDWLRQ PHWKRG
KDVEHHQGHVFULEHGLQWKHWKHVLV>@$IWHUWKH$%&''()$
LV JHQHUDWHG WR IRUPD ORRSLQJ FXUYH1RWPRYLQJPDWHULDOV
'()$XVXDOO\KDVDKLJK IHHG VSHHG7RDYRLG WKHYLEUDWLRQ
RI PDFKLQH WRRO '( DQG )$ DUH D SDLU RI FORWKRLG FXUYHV
UHVSHFWLYHO\ $QG () LV D VLQJOH OLQH FRQQHFWLQJ FORWKRLG
FXUYHV )LQDOO\ WKH UDGLDO OD\HULQJ RI WRRO SDWK IRU FRUQHU
DUHDVFDQEHJHQHUDWHGE\WKHVDPHZD\VKRZQDV)LJ


)LJ7KHZKROHWRROWUDMHFWRU\RIWKHFRUQHU
7KH JHQHUDWLRQ PHWKRG RI WKH RWKHU WRRO WUDMHFWRU\ KDV D
VPDOO GLIIHUHQFH ,QVWHDG RI WKH PLOOLQJ IRUFH WKH RWKHU WRRO
WUDMHFWRU\ LV OD\HUHG EDVHG RQ WKH OD\HULQJ QXPEHU RI WKH
EHIRUHRQH)URPWKHURXJKLQJDOORZDQFHLQIRUPDWLRQPRGHO
ZH FDQ NQRZ WKDW İ LV ELJJHU WKDQ İ 6R WKH WRS WUDMHFWRU\
VKRXOG EH JHQHUDWHG DW ILUVW WR JXDUDQWHH WKH PLOOLQJ IRUFH
VPDOOHU WKDQ WKH OLPLW DOO WKHZD\7KH ILYHD[LV WRROSDWKRI
FRUQHU KDV WRS DQG ERWWRP WUDMHFWRULHV VKRZQ LQ WKH ILJ 
ZKLFKDUHPL[WXUHVRIOLQHDUFDQGFORWKRLGFXUYH


)LJ7KH*FRQWLQXRXVWZRWUDMHFWRULHVRIFRUQHU
 7RRORULHQWDWLRQFDOFXODWLRQDQGRSWLPL]DWLRQ
'UDPDWLF FKDQJH RI WRRO RULHQWDWLRQ GXULQJ PDFKLQLQJ
SURFHVVDOVRFRXOGOHDGWRVHYHUHYLEUDWLRQRIFXWWLQJWRRODQG
PDFKLQLQJWRRODQGDIIHFWWKHPDFKLQLQJTXDOLW\VHULRXVO\7R
VROYHWKLVSUREOHPDFRQVWUDLQWRIWRRORULHQWDWLRQLVDGRSWHG
159 Wenyao Shao et al. /  Procedia CIRP  56 ( 2016 )  155 – 160 
$V VKRZQ LQ WKH ILJ  WKH FKDQJH RI DGMDFHQW WRRO
RULHQWDWLRQLVDSSUR[LPDWHO\UHSUHVHQWHGDV
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
,IWKHDLVDFRQVWDQWWKHWRRORULHQWDWLRQFKDQJHXQLIRUPO\
3DUDPHWHUL]HWKHERWWRPWUDMHFWRU\IRUWKHWRROWLSPRYHPHQW
DFFRUGLQJ WR LWV DUF OHQJWK DQG LW FDQ JHW GLVFUHWH FXWWLQJ
ORFDWLRQSRLQWV FRUUHVSRQGLQJ WRSDUDPHWHU WERWWRP7RJHW WKH
RULHQWDWLRQRIWRRO WKHVHFRQGSRLQWRQWKH WRROD[LVPXVWEH
JRW WRR 7KH WRS WUDMHFWRU\ IRU WKH WRRO WLS PRYHPHQW LV
SDUDPHWHUL]HG DFFRUGLQJ WR IRUPXOD  DQG WKH SDUDPHWHU
WWRS  WERWWRP W VKRZQ DV ILJ  7KH QRUPDO WRRO RULHQWDWLRQ
YHFWRUDWUHIHUHQFHSRLQW>3W4W@7LVUHSUHVHQWHGDVIRUPXOD
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
)LJ7KHFDOFXODWLRQRIWRRORULHQWDWLRQV
 6LPXODWLRQUHVXOWV
$V VKRZQ LQ)LJ  D FRUQHUPRGHO RI SRFNHW RQ DLUFUDIW
VWUXFWXUDO SDUWZLWK UXOHG VXUIDFHV LV XVHG DV DQ H[DPSOH IRU
VLPXODWHG H[SHULPHQW WR YHULI\ WKH DSSOLFDELOLW\ RI WKH
SURSRVHG WRROSDWK7KH IODQNVRIFRUQHUPRGHODUH WLWOHG ,Q
WKH )LJ  WKH WRRO SDWK RI FRUQHU LV JHQHUDWHG EDVHG RQ WKH
PHWKRGLQWKLVSDSHU7KHDQDO\VLVUHVXOWRIWKHILUVWOD\HUWRRO
SDWK LV VKRZQ LQ WKH )LJ  7KH FKDQJLQJ SURFHVV RI
FXUYDWXUHLVFRQWLQXRXV6LPXODWLRQUHVXOWLVVKRZQLQWKH)LJ
DQGWKHILQLVKHGVXUIDFHLVVPRRWK


)LJ7KHFRUQHUPRGHOZLWKUXOHGVXUIDFHV

)LJ7KHWRROSDWKRIFRUQHUXVLQJWKHPHWKRGLQWKLVSDSHU

)LJ7KHDQDO\VLVUHVXOWRIWKHILUVWOD\HURIWKHWRROSDWK
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
)LJ7KHVLPXODWLRQUHVXOWRIWKHSURSRVHGWRROSDWK
 &RQFOXVLRQVDQGIXWXUHZRUN
7RNHHSWKHILYHD[LVIODQNPLOOLQJSURFHVVRIFRUQHUVWDEOH
DQGDYRLGWKHVKDUSFKDQJHRIWRROSDWKDQGWRRORULHQWDWLRQD
FRPELQDWLRQ VWUDWHJ\ RI FRUQHUORRSLQJ PLOOLQJ DQG FORWKRLG
FXUYH LV SURSRVHG 7KH UHPDLQLQJ PDWHULDOV GLVWULEXWH
XQHYHQO\LQWKHFRUQHU$QGWKHFXWWLQJIRUFHLVFRQVWUDLQHGE\
OLPLWLQJ WKHFXWWLQJZLGWKGXULQJ WKHPDFKLQLQJSURFHVV DQG
WKH FKDQJH RI WRRO SDWK FXUYH FXUYDWXUH LV VDWLVILHGZLWK WKH
G\QDPLF FKDUDFWHULVWLFV RI PDFKLQH WRRO E\ XVLQJ FORWKRLG
FXUYH
$OWKRXJKVRPHSURPLVLQJUHVXOWVKDYHEHHQREWDLQHGWKHUH
LV VWLOOPXFKZRUN UHTXLUHG WR EH UHVHDUFKHG IXUWKHUPRUH ,Q
WKLVSDSHUWKHWRRORULHQWDWLRQLVRSWLPL]HGE\PLQLPL]LQJWKH
FKDQJH RI DGMDFHQW WRRO RULHQWDWLRQ7KH H[SOLFLW FRUUHODWLRQV
RI WRRO RULHQWDWLRQ WR WKH G\QDPLF FKDUDFWHULVWLFV RI WRRO
PDFKLQHZLOOEHVWXGLHGLQRXUIXWXUHZRUN%HVLGHV WKHWRRO
SDWKJHQHUDWLRQDOJRULWKPXQGHUWKHFRQGLWLRQRIYDULDEOHIHHG
UDWHZLOOEHVWXGLHG
$FNQRZOHGJHPHQWV
7KH UHVXOWV SUHVHQWHG LQ WKLV SDSHU ZHUH RXWFRPH RI WKH
UHVHDUFK SURMHFW IXQGHG E\ WKH 1DWLRQDO 6FLHQFH DQG
7HFKQRORJ\0DMRU3URMHFWRI&KLQD1R=;
5HIHUHQFHV
>@$OWLQWDV<(\QLDQ02QR]XND+,GHQWLILFDWLRQRIG\QDPLFFXWWLQJIRUFH
FRHIILFLHQWV DQG FKDWWHU VWDELOLW\ ZLWK SURFHVV GDPSLQJ &,53 $QQ 
0DQXI7HFKQ
>@%XGDN($OWLQWDV<$QDO\WLFDOSUHGLFWLRQRIFKDWWHUVWDELOLW\LQPLOOLQJ
3DUW*HQHUDOIRUPXODWLRQ-'\Q6\VW7$60(
>@&KR\+&KDQ.$ FRUQHUORRSLQJ EDVHG WRRO SDWK IRU SRFNHWPLOOLQJ
&RPSXWHU$LGHG'HVLJQ
>@ 5DKPDQ $.0$ )HQJ +< (IIHFWLYH FRUQHU PDFKLQLQJ YLD D FRQVWDQW
IHHGUDWHORRSLQJWRROSDWK,QW-3URG5HV
>@*DR; /L<* =KDQJ& HW DO $ JOREDO WRRO RULHQWDWLRQ RSWLPL]DWLRQ
PHWKRG IRU ILYHD[LV &1& PDFKLQLQJ RI VFXOSWXUHG VXUIDFHV $FWD
$HURQDXWLFDHW$VWURQDXWLFD6LQLFD
>@.LP+&7RROSDWKPRGLILFDWLRQIRURSWLPL]HGSRFNHWPLOOLQJ,QW-3URG
5HV
>@ .LP +& 7RRO SDWK JHQHUDWLRQ DQG PRGLILFDWLRQ IRU FRQVWDQW FXWWLQJ
IRUFHVLQGLUHFWLRQSDUDOOHOPLOOLQJ,QW-$GY0DQXI7HFK

>@ 6XL 6 &/L < *6KDR : < )HQJ 3 ) 7RRO SDWK JHQHUDWLRQ DQG
RSWLPL]DWLRQPHWKRG IRU SRFNHW IODQNPLOOLQJ RI DLUFUDIW VWUXFWXUDO SDUWV
EDVHG RQ WKH FRQVWUDLQWV RI FXWWLQJ IRUFH DQGG\QDPLF FKDUDFWHULVWLFV RI
PDFKLQH WRROV ,QW - $GY 0DQXI 7HFK GRLV
[
>@6KL-%L4==KX/0:DQJ<+&RUQHUURXQGLQJRIOLQHDUILYHD[LVWRRO
SDWKE\GXDO3+FXUYHVEOHQGLQJ,QW-0DF7RRO0DQX
>@=KX/0=KHQJ*'LQJ+;LRQJ</*OREDORSWLPL]DWLRQRIWRROSDWK
IRUILYHD[LVIODQNPLOOLQJZLWKDFRQLFDOFXWWHU&RPSXWHU$LGHG'HVLJQ

>@&KX&++VLHK+7/HH&+<DQ&<6SOLQHFRQVWUDLQHGWRROSDWK
SODQQLQJLQILYHD[LVIODQNPDFKLQLQJRIUXOHGVXUIDFHV,QW-$GY0DQXI
7HFKQRO±
>@*RQJ+:DQJ1 D[LV IODQNPLOOLQJ IUHHIRUP VXUIDFHV FRQVLGHULQJ
FRQVWUDLQWV&RPSXWHU$LGHG'HVLJQ
>@'DL<)*HQHUDWLRQ DQG RSWLPL]DWLRQ RI WRRO WUDMHFWRULHV IRU ILYHD[LV
IODQNPLOOLQJ+XD]KRQJ8QLYHUVLW\RI6FLHQFH	7HFKQRORJ\
>@ &DVWDJQHWWL & 'XF ( 5D\ 3 7KH GRPDLQ RI DGPLVVLEOH RULHQWDWLRQ
FRQFHSW D QHZPHWKRG IRU ILYHD[LV WRRO SDWK RSWLPLVDWLRQ &RPSXWHU
$LGHG'HVLJQ
>@:DQJ-=KDQJ'+/XR0HWDO$JOREDOWRRORULHQWDWLRQRSWLPL]DWLRQ
PHWKRG IRU ILYHD[LV &1& PDFKLQLQJ RI VFXOSWXUHG VXUIDFHV $FWD
$HURQDXWLFDHW$VWURQDXWLFD6LQLFD
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